This paper gives an empirical analysis to the volatility spillover and dynamic correlation among the stock markets of the mainland China, Hong Kong and the United States by utilizing the GARCH family models. The result shows that the return series of Shanghai composite index, Hang Seng index and Standard and Poor's 500 index all have prominent volatility clustering phenomena, and the return series of Hang Seng index and Standard and Poor's 500 index have obvious leverage effect. Besides, there is significant volatility spillover between Hang Seng index and Standard and Poor's 500 index; the dynamic correlation coefficient between Shanghai composite index and Hang Seng index is higher than that between Shanghai composite index and Standard and Poor's 500 index and that between Hang Seng index and Standard and Poor's 500 index.
Introduction
With the implement of the Shanghai-Hong Kong Stock Connect policy and the Shenzhen-Hong Kong Stock Connect policy, the contact between the financial markets of China and developed countries becomes increasingly closer. Considering the close relation between Hong Kong and the mainland China, the mainland financial market, as an emerging financial market, shows significant co-movement with Hong Kong financial market. After the launch of Shanghai-Hong Kong Stock Connect and the Shenzhen-Hong Kong Stock Connect, the financial capital of developed countries enters the mainland financial market more conveniently through Hong Kong financial market. Does this bring impact on the relation between domestic financial market and developed financial markets? In order to give an answer to this question, this paper presents an empirical analysis to the volatility and correlation among Shanghai composite index, Hang Seng index and Standard and Poor's 500 index, which will help to deepen the understanding of volatility spillover among financial markets.
Literature Review
Financial markets in developed countries have an early start and they are mature markets. Therefore, studies on volatility spillover among financial markets mainly take developed countries as samples. The research done by Fun and Shim (1989) exhibits that the financial market in the United States has strong influence on the financial markets in other countries; it plays the pivotal role in global financial market, and it is able to cause risk transmission to financial markets in other countries. Soydemir (2000) verifies the prominent co-movement between the stock markets in the United States and Mexico, and a weak co-movement among stock markets in the U. S., Argentina and Brazil by utilizing VAR model. Forbes and Rigobon (2002) use VAR model to examine the co-movement of stock markets in stable financial environment and in financial crisis. Their research points out that there is significant risk transmission among stock markets the whole time, and financial crisis shows no significance to the impact of financial risk transmission. Yang (2005) gives a research on the correlation among bond markets in the United States, Japan, Germany, Britain and Canada, and this research reveals that bonds of different countries do not have a clear long-term equilibrium relationship, but a short-term causality does exist obviously.
Empirical analyses to co-movement among financial markets done by Chinese researchers often take the volatility of domestic and international stock markets as starting point. Yan and Zhao(2016) study the impact brought by the launch of Shanghai-Hong Kong Stock Connect on the co-movement between the mainland and Hong Kong financial markets, and the result demonstrates that after the launch of Shanghai-Hong Kong Stock Connect, the dynamic correlation coefficient between the mainland and Hong Kong financial market improves remarkably. Zheng and Liu (2018) , with the data from 1993 to 2016, utilize the time-varying parameter vector autoregressive model to empirically analyze the volatility spillover among 8 stock markets, and the result displays that when there is significant rising trend in the volatility spillover among stock markets, especially when sharp financial fluctuation appears, the co-movements of stock markets gets higher.
Model Selection and Data Declaration

Model Selection
Volatility clustering is normal in financial time series. Volatility clustering indicates heteroscedasticity, and GARCH model is the first choice to deal with it. In conditional heteroscedasticity modelling, Engle (1982) builds ARCH model, and later, based on ARCH model, Bollerslev (1986) proposes GARCH model that is able to describe the volatility of financial high-frequency data time series. In view of this, this paper adopts BEKK-GARCH model proposed by Engle and Keoner (1995) to do the description. When giving analysis to dynamic correlation among financial time series, this paper uses DCC-GARCH model to do the description.
Data Declaration
The data contains the daily data from the year 2013 to 2018, and the source of these data is YAHOO! FINANCE, whose website is https://finance.yahoo.com. This paper selects Shanghai composite index (sse), Hang Seng index (hs), and Standard and Poor's 500 index (sp) as analysis objects.
As for the natural logarithms of the three indexes, the return series of these indexes can be obtained through formula (1).
(1) The descriptive statistics of those return series are listed in Table 1 . It can be seen from Table 1 that the return of Shanghai composite index shows the largest difference and the largest absolute values of skewness and kurtosis, presenting two characteristics of leptokurtosis and fat tail; while the differences of returns between Hang Seng index and Standard and Poor's 500 index are smaller, but both of their skewness are below 0 and both of the kurtosis are beyond 3, which also shows the characteristics of leptokurtosis and fat tail. The value of Jarque-Bera for normal distribution test is quite large, over the 1% level, which rejects the null hypothesis, and thus all of the three return series are in abnormal distribution.
Empirical Analysis
Examination of Volatility Spillover Effect
This paper takes BEKK-GARCH (1, 1) model to test the volatility spillover effect of stock markets in the mainland China, Hong Kong and the United States, and the results are listed in Table  2 . 19.1172*** (0.0000) Note: numbers in parentheses refer to P-values, and ***, ** and * refer to 1%, 5% and 10% levels of significance respectively. From the results of volatility spillover effect test, it can be observed that there is significant volatility spillover among the three financial markets. First of all, according to the volatility spillover effect test between Shanghai composite index and Hang Seng index and that between Shanghai composite index and Standard and Poor's 500 index, F values for the tests are positively significant on 1% level, which suggests that during the sample period, the mainland financial market is able to induce volatility transmission in developed financial market, and the risk in developed financial market is affected by China's emerging financial market. Besides, from the volatility spillover effect test between Hang Seng index and Shanghai composite index and that between Hang Seng index and Standard and Poor's 500 index, the F value to test the volatility transmission effect between Hang Seng index and Shanghai composite index is significant on 10% level, and the F value to test the volatility transmission effect between Hang Seng index and Standard and Poor's 500 index is significant on 1% level; this demonstrates that the U.S. financial market is likely to be affected by the risk contagion from Hong Kong financial market, while the mainland financial market is less likely to be affected by the risk transmission from Hong Kong financial market. Last, from the volatility spillover effect test between Standard and Poor's 500 index and Shanghai composite index and that between Standard and Poor's 500 index and Hang Seng index, the F values for testing are significant on the 1% level, and this indicates that the financial markets of both mainland China and Hong Kong are easily affected by the risk transmission from the U.S. financial market.
Examination of Dynamic Correlation
This paper takes DCC-GARCH (1.1) model to examine the dynamic correlation among the three financial markets, and the results are listed in Table 3 . (2) 0.8425***(0.0000) Note: numbers in parentheses refer to P-values, and ***, ** and * refer to 1%, 5% and 10% levels of significance respectively. From Table 3 , it can be known that the coefficient for dynamic correlation estimation is significant on 1% level, and this manifests the prominent volatility spillover among the three financial markets. Their dynamic correlation is presented in Figure 1 . index is the least. The reason for this may be that the relation between mainland financial market and Hong Kong financial market gets increasingly closer; meanwhile both the Hong Kong financial market and American financial market are developed markets whose financial openness are relatively higher, so there is strong correlation between them; additionally, the risk transmission from American financial market to the mainland China financial market needs to pass Hong Kong financial market, which reduce the dynamic relation between the financial markets of the mainland China and America.
Conclusion
By means of GARCH family models, this paper selects the stock market high-frequency data that span from January 1st 2013 to December 31st 2018 as sample, and empirically analyzes the volatility cluttering among Shanghai composite index, Hang Seng index and Standard and Poor's
